The purpose of this study was to investigate the effects of the pine sac beetle (Thaumetopoea pityocampa Schiff.) on the pigments (chlorophyll a, chlorophyll b and carotenoids) and total phenolic compounds in the Pinus nigra L. and Pinus brutia Ten. spread throughout the forest areas in the Boyabat District of the Sinop Province. It was found that chlorophyll a, chlorophyll b and carotenoids contents were lower on the leaves of the P. nigra and P. brutia which had pine sac beetles in comparison to those not having pine sac beetles. It was also observed that the contents of chlorophyll a and chlorophyll b were decreased on the stems of both species but there was no significant change in the contents of carotenoid. The phenolic compound levels increased in the leaves and the stems of P. nigra and P. brutia which had pine sac beetles compared to those that did not have pine sac beetles.
INTRODUCTION
Generating mutual relations, forests are ecosystems that are made up of trees and live creatures such as other plants, animals and microorganisms along with physical environmental factors. Insect damages are one of the most important factors that threaten forests (Avci, 2000) . The pine sac beetle (Thaumetopoea pityocampa Schiff.) is one of the common insect species in Anatolia and by means of eating the needles of the pine species which make up a large portion of Anatolia forests, it is an *Corresponding author. E-mail: asivaci@adiyaman.edu.tr. Tel: (416)2231775. Fax: +90 (416)2231774.
important pest due to a cause for increment loss of Anatolia trees (Durkaya et al., 2009; Kanat et al., 2005) . The pine sac beetle has spread throughout the southern Europe and the north of Africa (Battisti et al., 2000; Devkota and Schmidt, 1990; Breuer et al., 1989) . It is common in warm regions, which are under the influence of Mediterranean climate in Anatolia (Çanakcioğlu, 1983; Kanat and Türk, 2002) .
Damaging the large areas of the forests, the pine sac beetles cause up to 60% increment loss to calabrian pines (Pinus brutia), larch (Pinus nigra) and to other pine species (Anonymous, 1995) . The pine sac beetles damage the leaves of the pines by eating them during the larva periods. In the event that their numbers are less, they denudate the pines like an epidemic while they are damaging the leaves around their sacs. Depending on the amount of the feedings during advanced larval stages, their damage increases and the damage peaks to the highest level during the last larval phase (Devkota and Schmidt, 1990) . Disruptions occur on the photosynthetic physiology of the pines whose leaves have been eaten and their growth slows down. Mainly mechanical, chemical and biological methods are used to perform the fight against the damages caused by the pine sac beetles. The studies conducted mostly have been focused on the struggles of the pine sac beetle but it is seen that the number of studies associated with how the physiologies of the pine species change towards such herbivore stress is insufficient. This study investigated the effects of the pine sac beetle (Thaumetopoea pityocampa) on the pigments (chlorophyll a, chlorophyll b and carotenoids) and total phenolic compounds in the stem and the leaves of the P. nigra L. and P. brutia Ten. within a forest area in the Boyabat district of the Sinop province.
MATERIALS AND METHODS
P. nigra and P. brutia species common at the forest areas of the Boyabat district in the Sinop province between 2010 and 2011 were used in this study; samples from their stems and leaves which had pine sac beetles and samples from those that did not have were obtained. Also, samples were taken from the healthy branches of the infected individuals. Total pigments and phenolic compounds were analyzed on the samples obtained.
Determining the total contents of chlorophyll a, chlorophyll b and the carotenoids
The pine sac beetle and non-pine sac beetle samples obtained from the stems and leaves of P. nigra and P. brutia were extracted in accordance with De Kok and Graham (1989) . The samples were read at 662 and 645 nm for the chlorophylls and 470 nm for carotenoids. Their amounts were calculated according to Lichtenthaler and Wellburn (1983) .
Determining the total phenolic compounds
Pine sac beetle and non-pine sac beetle samples from the stems and leaves of the P. nigra and P. brutia were determined in association with the Folin reactive and standard gallic acid equivalence and in accordance with the literature methods given below (Slinkard and Singleton, 1977; Chandler and Dodds, 1983) . The phenolic compound amounts were read at the 760 nm absorbance and calculated based on the standard gallic acid equivalence.
Statistical analysis
Statistical analysis was performed using SPSS 15.0 software. Duncan's test (1955) was used for significance control (P<0.05) following variance analysis.
RESULTS
It was found that the amounts of chlorophyll a, chlorophyll b and carotenoids in the leaves of the P. brutia individuals which had pine sac beetles decreased in comparison to the healthy ones that did not have the pine sac beetles (P<0.05). It was found that chlorophyll a, chlorophyll b and carotenoids amounts in leaves taken from the sections, which were away from the sac of the individual having the pine sac beetle decreased compared to the healthy individuals. However, this decrease was much lower than that of the areas where the pine sac beetles were situated (P>0.05; Figure 1 ). The chlorophyll a and chlorophyll b amounts on the stems of the P. brutia containing the pine sac beetles decreased compared to the healthy non-sac beetle ones (P<0.05); but there was no significant change in their carotenoid contents (P>0.05; Figure 1 ).
It was found that chlorophyll a, b and carotenoid amounts on the leaves and stems of the Pinus nigra, which contained the pine sac beetle were lower in comparison to the healthy ones that did not contain the pine sac beetle (P<0.05; Figure 2 ). On the leaf and stem taken from individual having the pine sac beetle, pigment (chlorophyll a, b and carotenoids) amounts obtained from the sections where the sacs of the pine beetles were away decreased compared to the healthy ones but this decrease was much lower than the sections where the beetle was situated; similar to the P. brutia (Figure 2) .
It was observed that the total chlorophyll amounts on the leaves and stems of both the species (P. nigra and P. brutia), which contain the pine sac beetle decreased compared to the healthy ones without the pine sac beetles (P<0.05; Table 1 ). When examining the phenolic compound changes on the P. brutia and P. nigra, it was found that the changes increased on both the species that contained the pine sac beetle in comparison to those that did not (Figure 3) . While the phenolic compound amounts on the leaves of the P. brutia that contained the pine sac(P>0.05). On the stem samples of the P. brutia, the phenolic compound amount on the individuals whichcontained the pine sac beetles increased compared to those that did not just like the leaves (P<0.05; Figure 3) .
It was also found that on the leaves and stems of the beetle was 3.16 µg mg -1 , this amount was 2.6 µg mg -1 on the healthy ones that did not (P>0.05). However, it was found that the phenolic compound amounts on the leaves obtained from the healthy sections of the tree, which contained the pine sac beetle was lower than the ones obtained from sections where the sac was located P. nigra which consisted of pine sac beetles, the phenolic compounds increased in comparison to those that did not have (P<0.05) (Figure 3) . However, when the phenolic compound accumulations of both the species against this type of herbivore stress were examined, the P. nigra's accumulation was higher than the P. brutia's (P<0.05 (Figure 3 ).
DISCUSSION
The biotic and abiotic stresses cause changes in the physiologies and morphologies of the plants (Levitt, 1972; Madhava Rao et al., 2006) . The healthy trees were weaken with the attacks of the pine sac beetles and cause the trees to be more sensitive to the factors such as drought, pathogens and other herbivores. When viewed from this aspect, the pine sac beetle is the primary harmful insect. The secondary pests increased in numbers in some years and caused the deadly dissolution of significant amount of trees in the areas, which were weakened due to the impact of the pine sac beetle and other primary pests (Avci and Oğurlu, 2002; Babur, 2002; OGM, 1995 OGM, , 1998 . The studies conducted concluded that along with insect feeding, there was also chlorosis and chlorophyll loss in wheat in terms of plant damage (Heng-Moss et al., 2004; Wang et al., 2004) . In the study conducted on the Eucalyptus trees by Khattab and Khattab (2005) , they found that there were changes in the anatomic structure and physiologies of the gallcreating and non-gall-creating leaves. They reported that the Ca 2+ , Mg 2+ , pigment levels, carbohydrates, amino acids, lignin, and soluble protein contents were less on the leaves of the diseased individuals than on those which are healthy. This study concluded that the pigment amounts decreased on the leaves and stems of the P. brutia and P. nigra based on the impact of the pine sac beetles (Figures 1 and 2) . The reason for this decrease may be the loss of the photosynthesis tissue functions (Harborne, 1980) . The studies conducted reported that the plants develop a variety of defence damageaccumulated reactive oxygen species on the pigment (Stacey and Keen, 1996) .
Plants need phenolic compounds for pigmentation, growth, production, pathogen resistance and for many which is related to the pine sac beetles eating the leaves. In addition, as presented in some studies, because the herbivore damage harms the xylem tissue on the trees, it can also be caused by the inability to carry the necessary mineral matter for pigment synthesis or the effect of the reactions against herbivores. In general, the plant can use metabolites and macromolecules (peptides, proteins, enzymes, lignin, and phenolic metabolites) as a defence against herbivores (Wink, 1997; Gutterman and ChauserVolfson, 2000) . Hódar et al. (2004) reported that there is a relationship between the pine sac beetle and the host defence system. In the studies conducted by these researchers, they found that the mortality rate of larvae in the previously damaged trees was significantly higher than those that have not suffered damage. Khattab and Khattab (2005) reported in their study on the Eucalyptus trees that the total phenol and tannin amounts increased in the gall-creating leaves in comparison to the non-gallcreating leaves. This study found out that the phenolic compound amounts on the leaves and stems of both the species consisting of the pine sac beetle increased compared to the species that did not consist of the pine sac beetle and that it showed variability depending on the plant species (Figure 3 ). In conclusion, it has been determined that the pine sac beetle damaged both these pine species thereby causing a change in their physiology. In parallel with this damage, a decrease in the pigment levels was observed along with an increase in the phenolic compounds for the purposes of defence. For future studies to be conducted, it is important to determine the physiologies of the pine species against such herbivore stress and to create strategies in order to increase resistance against these types of damages.
